Abstract. With the development of air freight, the emergence of specialized freight airports, the gradual increase of full-freight airlines. The full-freight network has a great influence on the development of air freight, so it is necessary to carry out a more comprehensive analysis of the air full-freight network. The complex network theory provides a good method. From the perspective of the research of complex network theory, this paper describes the topology structure of the full-freight network and understands its structural characteristics. The results show that: (1) China's civil aviation all-cargo network shows small world characteristics, degree distribution is fitted as exponential distribution. (2) There is no obvious community structure in the air cargo network. (3) The air fullfreight network with Hangzhou, Shenzhen and Nanjing as the hubs.
Introduction
By the end of 2017, China has formed full-freight network that involving a total of 254 cargo segments and a total of 59 domestic airports. The provision of capacity for the entire air cargo market includes all-cargo aircraft and belly cargo, of which the air freighters provide more than 50% of the capacity. From the perspective of the entire industry revenue, the air cargo industry's revenue is contributed by the air-freighter, the belly revenue is contributed by only 10%. From the perspectiveedge represents a segment between two airport nodes, building a no-directed network and to remove duplicate edges.Complex network indicators generally include: degree, degree distribution, clustering coefficient, average path length, network efficiency,centrality and other indicators.This paper focuses on the analysis of the structural characteristics of the network by using the indexes of degree, degree distribution, clustering coefficient, average path length and network efficiency, and analyzes the centrality of the network using degree centerality,closeness centrality and bwteeness centrality,and describes the degree of the central position of each node in the network. This describes whether the entire network has a core and what kind of core exists. 
Complex Structural Characteristics of Aviation Full-Freight Network

Basic Structural Characteristics
If a network with a higher clustering coefficient and a lower average path length than the same random network, such a network is called a Small World Network.the avation full-freight network based on OAG data,using Python to calculate the average degree of network is 4.949, representing an airport with an average connection of four segments , the average path length is 2.196, which means that the goods need an average of two transfer station to reach the destination, the clustering coefficient is 0.346, the clustering coefficient represents the breadth of air cargo network transportation, and the larger of the clustering coefficient, which indicates the greater aggregation degree of the network. Compared with the random network, it has the same level of average path length and higher aggreation coefficient, showing a certain small world phenomenon. The degree of the node represents the number of connected edges of the node, the greater degree of the node, the greater number of airports that the airport has direct access to the network. Using Python to calculate it, the top ten airports are shown in the table 2, with Hangzhou, Shenzhen and Nanjing ranked in the top three respectively. In the weighted aviation full-freight network, the rankings from the top ten airports of the in-strength and the out-strength are shown in the table 3. It can be seen that the top 10 airports are not one-to-one correspondence. From the numerical value, there is a certain discrepancy between the round-trip freight volume of the airport. In reality, many airlines also have backhauled problems. 
Degree Distribution Characteristics
Degree distribution is the most important parameter for classifying network structure types.The degree distribution are the frequency of nodes with different degrees in the network. Some existing work has proved that the degree distribution of the air cargo network has a scale-free characteristic, that is, the degree distribution obeys the power law distribution. They prove that the degree distribution obeys the power law distribution is to estimate the power law distribution by approximating the straight line in the double logarithmic coordinate system. At the same time, A. Clauset et al. argued that it is unreasonable to verify the power-law distribution by simply approximating the degree distribution in the double-logarithmic coordinate system. They proposed a statistical framework to identify and quantify the power-law distribution. Parameters such as xmin, power law index, goodness-of-fitted P value can be calculated, and the fit of the power law distribution and other potential possible distributions to the same data can be compared to determine the optimal distribution of the data, Jeff et al. developed powerlaw based on this, a Python package for analyzing power law distribution. Based on powerlaw, this paper calculates the xmin, power law index Alpha, power law index variance Sigma of the power law distribution of the avation full-freight Research, volume 87 network in 2017. And the fitting of the power law distribution and the exponential distribution to these two networks is compared. Figure 2 shows the degree distribution of the network in 2017. We use powerlaw to plot the complementary cumulative distribution function (CCDF) , Cumulative Distribution Function (CDF),and Probability Density Function (PDF) of the degree of the network in a double logarithmic coordinate system. At the same time, the power law distribution (PLD) and exponential distribution (ED) are plotted on the CCDF, CDF and PDF fitting curves of the network. It can be seen from Table  4 that in 2017, the aviation all-cargo network fits the CCDF, CDF, and PDF, and the exponential distribution is better than the power law distribution. From the P value (P < 0.05 means the fitting situation is very significant),the degree distribution of the air full-freight network in 2017 is obviously subject to the exponential distribution (R >0 means having an exponential characteristic).
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In addition, the weighted degree distribution plot of the nodes strength under the weighted air fullfreight network is shown in Fig. 3 . By comparing the values in Table 4 and 5, it can be seen that the nodes strength distribution differs greatly from the degree distribution. The exponential characteristics of the weighted air full-freight network in 2017 are less obvious than those of the unweighted network. This shows that the cargo flow in the air cargo network presents a certain imbalance. 
Analysis of Community Structure
A community is a group of nodes that have a relatively close relationship in the network. There are relatively dense links between nodes in the group and fewer links between communities and communities. The so-called community division is an in-depth study of the physical meaning and mathematical meaning of the nature of the network, which refers to the community structure in the network. Community division of the network is to attribute the network nodes with the same structure and characteristics to a small group, so that each group has the same nature. This process of dividing the group structure is called the division of the community.
In this paper, using the module degree index proposed by Girvan and Newman [5] , the module degree of the aeronautical all-freight network in 2017 is calculated to be 0.256, and the network is divided into 6 communities. When the modularity of the network is greater than or equal to 0.3, there is an obvious community structure in the network. 
Node Centrality
In 2017, the aviation full-freight network, the top 10 airports ranked as the node centrality, Hangzhou, Shenzhen and Nanjing are in the leading position. The reason is that Hangzhou has the all-cargo operation base of Yuantong Express, and Shenzhen and Nanjing are the all-cargo operation bases of SF Express In 2017, the top three airports with out-degree centrality and in-degree centrality were: Hangzhou, Shenzhen and Nanjing, and the remaining seven rankings were almost the same as the in-degree and out-degree centrality rankings.This shows the comparison of the full freight Research, volume 87 network of these airports. Symmetry, no matter from which point of view, the air cargo network has gradually formed an air transportation network with Hangzhou, Shenzhen and Nanjing as the hubs. 
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Conclusion
This article uses complex network indicators to esearch on the structural characteristics of air fullfreight network, and obtaining the following main conclusions (1)China's civil aviation all-cargo network exhibits a small world characteristics, and the degree distribution is fitted to an exponential distribution.
(2)There is no obvious community structure in the air cargo network.
The whole network forms an air cargo network with Hangzhou, Shenzhen and Nanjing as hubs.
